Cockroaches are among the most common pests in public dwellings and health facilities. Owing to their close association with man and all his surroundings they are considered aspotential carrier and transmitter of human diseases. In hospital, cockroaches are the possible vector of nosocomial infection, specially for the transmission of drug resistant bacteria. The aim of the present study was to identify the major cockroach species, to isolate common foodborne pathogens from cockroach and to determine the antibiotic susceptibility pattern of isolated bacteria. This case control study was conducted on cockroaches captured from hospital, restaurants and houses in Dhaka city, from a period of July to December 2014. A total of 450 cockroaches were collected. Among these 300 cockroaches (150 from hospital and 150 from restaurants) were considered as case and 150 cockroaches from houses were enrolled as control group. All (100%) cockroaches were identified as Blattellagermanica. Examination of external surface and gut homogenates showed that all (100%) cockroaches carried bacteria, while carriage rate of fungi and parasites were 28.2% and 3.7% respectively. Of 1901 isolated bacteria, Escherichia coli (15.3%), Pseudomonas aeruginosa (14.4%) and Salmonella spp. (12.9%) were the predominant bacteria. Other bacteria of medical relevance included, Shigella spp. (6.4%), Klebsiella spp. (8.8%), Proteus spp. (9.6%) and Staphylococcus aureus (4.3%). Antibiotic resistance pattern showed high resistance rate (62.4%) of bacterial isolates to different antibiotics. Additionally, 1051(55.3%) of the isolates were multi drug resistant (MDR) strains, which were resistant to 5-14 antibiotics. The findings of this study revealed that cockroaches are potential source of pathogenic microorganisms including multi drug resistant bacterial strains, which could be a major threat to public health. Hence, effective preventive and control measures are required to minimize cockroach related infections.
Introduction
Cockroaches are among the most notorious pests of premises, and they are distributed throughout the world. About 4000 cockroach species have been identified, thirty of these species are adapted to human habitation or synantropic. Of these Blattellagermaniaca, Periplanetaamericana and Blattaorientalis are considered the most common pests to human. 1 Cockroach not only contaminate food by leaving droppings that can cause food poisoning, but they also transmit bacteria, protozoa, fungi and other pathogenic microorganisms in infested areas. 2, 3 Cockroaches feed indiscriminately on garbage, sewage, sanitary waste as well as on variety of food staffs and so have copious opportunity to disseminate human pathogens. 4, 5 Their filthy behaviour coupled with nocturnal life style make them ideal carrier for a wide range of pathogenic microorganisms. 6 So far numerous pathogenic bacteria, including Salmonella spp, Shigella spp, Campylobacter spp, Pseudomonas aeruginosa and K. pneumoniae have been isolated from cockroaches.Different bacteria universally associated with these insects have been recognized to cause diarrhea, dysentery and food poisoning in human. Shigella dysenteriae, Salmonella typhi and toxigenic strains of Escherichia coli can be retained in the gut of cockroaches for several days. Thus, they also play a role in transmitting other foodborne diseases. 1 In addition some parasites and fungi have been found in external surfaces or internal parts of body of cockroaches. 7, 8 Cockroaches are one of the most significant and offensive pests found in apartments, homes, food handling establishments, hospitals, and health care facilitiesworldwide. 9 In fact, they live in most human habitations, specially where food is stored, processed, prepared or served. So, they are commonly found in food handling establishments, where they can transmit pathogens to food, eating utensils, kitchen surfaces and other areas in their vicinity. Thus, they can be a source of infection to large number of people related to these facilities. 5, 10 Since the hospital environments provide them with suitable temperature, humidity and a ready source of food, presence of cockroaches there is not uncommon. Cockroaches have been detected around hospitals,sick rooms, wards, intensive care units and surgical sections. Indeed cockroaches are potential vectors of pathogenic organisms in the hospital environment. 11 It was reported that 98% of cockroaches found in medical facilities could carry pathogens on their integuments or digestive tracts. 12 In addition, cockroaches collected in hospitals and households have been found to harbour multidrug resistant (MDR) bacteria such as drug resistant Escherichia coli, Pseudomonas aeruginosa, Klebsiellapneumoniae and many other. Hospital cockroaches with drug-resistant bacteria have been suggested to play a role in the epidemiology of nosocomial infections. 5, 8 Furthermore, a neonatal unit infested with cockroaches suffered an outbreak of disease due to extended spectrum beta lactamase (ESBL) producing Klebsiella pneumoniae. 4 Even though cockroaches are medically important as they harbor many human pathogens and are associated with infectious disease, the public health importance of this vector is not well documented in the study area.
In Bangladesh, cockroaches are common pests. Tropical location and hot humid climate favours multiplication and growth of cockroach. They are abundant in all areas and play role as source of infection and dissemination of disease. There is still no systemic study in Bangladesh on the role of cockroaches as vector of microorganism and their drug resistance pattern.This study therefore was carried out to identify the major cockroach species in hospital, restaurants and houses in Dhaka city, isolate the common foodborne pathogens from cockroach and to determine the antibiotic susceptibility pattern of isolated bacteria.
Materials and methods
This case control study was conducted in selected places of Dhaka city, from July to December 2014.
An ethical approval was obtained from Ethics Committee of the Bangladesh Medical Research Council (BMRC). During this period, a total number of 450 cockroaches were collected. Among these cockroaches 300 cockroaches (150 from hospital and 150 from food restaurants) were included as case group and 150 cockroaches from houses were enrolled in control group. One hospital, two restaurants and one residential area were included in this study. The hospital namely Shahid Suhrawardy Medical College Hospital, is among the largest health institutions in the city. The restaurants represented medium level operators at Mohakhali, which is served about 300-700 customers per day. Cockroaches from residential area of Banani were collected from different parts of houses. Samples of cockroaches were collected from all study sites thrice a week for 15 weeks.
Collection of cockroach:
Cockroaches were collected using sterile screw-capped 250 ml jars and sterile hand-gloves. 13 Each time 10 cockroaches were caught from each of the sampling areas; they were pooled as one sample. Only cockroaches caught whole and alive was included in the study. Identification of cockroaches was performed in accordance with Burgess. 14 
Processing of cockroaches:
The collected cockroaches were brought to the laboratory and killed in a sterile jar using chloroform soaked cotton. The external body surfaces were washed by vortexing in 5ml sterile physiological saline for two minutes, and the wash were taken as external body homogenate sample. After external body washing, the cockroaches were soaked in 90% ethanol for five minutes to decontaminate their external surfaces and were dried. They were then rewashed with sterile saline to remove traces of ethanol, and the alimentary tracts were aseptically dissected out using autoclave-sterilized entomological dissecting needles under a dissecting microscope. The instruments were dipped in ethanol and flamed between dissections.
The excised guts were then homogenisedin 5 ml of sterile normal saline water. A total of 900 specimens consisting of 450 external body surface and 450 gut homogenates of the 450 cockroaches were analysed. For primary enrichment, 1 ml of each homogenate were inoculated separately into 9 ml of buffered peptone water (BPW) media (Oxoid, UK) and were incubated at 37°C for 18-24 hours. 15 Isolation and identification of pathogens: For isolation of bacteria, 1 ml of each of the external and gut homogenate samples were suspended separately into 9 ml of sterile bottles containing BPW and a homogenous enrichment suspension was prepared in nutrient broth and incubated at 37 0 C for 18-24 hours. These solutions were then separately inoculated on MacConkey agar, Xylose Lysine Deoxycholate agar, Mannitol Salt agar and Polymyxin-B egg yolk mannitol Bacillus cereus agar (Oxoid, UK). Rappaport-Vassilidias (RV) broth (Oxoid,UK) was also used as primary enrichment medium for identification of Salmonella and Shigella and incubated at 37 0 C for 24 hours.
The isolated colonies were identified by colonial morphology, Gram staining and a battery of biochemical tests including catalase, coagulase, oxidase, citrate utilization, indole production, urease, motility, reaction in Kligler iron agar, mannitol fermentation, gas and H2S production. 16 Serogrouping of Salmonella species was done by slide agglutination using BBL antisera. 17 For isolation of fungi, Sabourauds dextrose agar and Potato dextrose agar were used. For parasitological studies, about 2 ml of both external and gut homogenate of saline washes were dispensed into conical tubes and centrifuged at 5000 rpm for 5 minutes. The deposits were examined using a direct wet mount preparation on clean glass slides and viewed under microscope. 16 Antimicrobial susceptibility testing: Antimicrobial susceptibility testing was done on Mueller-Hinton agar plates following the standardized disk diffusion technique. Bacterial inoculum was prepared by suspending the freshly grown bacteria in 5 ml sterile nutrient broth and the turbidity was adjusted to that of 0. 18 Intermediate readings were few and therefore considered as sensitive for the purpose of assessing the data. A total of 450 cockroaches were collected from different sources in this study. All cockroaches were identified as German cockroach, Blattellagermanica.
Different pathogenic microorganisms were isolated from cockroaches captured from hospital, restaurants and houses.
Fungi were isolated from cockroaches at hospitals (53.3%), restaurants (26.7%) and also from control group i.e. houses (4.7%). Isolation of fungi, was highly significant among cases in comparison to the control group (p< 0.001). Bacteria were isolated from all (100%) cockroaches in case and control group. Parasites isolated from hospitals (10%) was highly significant (p<0. 001) in comparison to restaurants(1.3%).Among total bacterial isolates, 13 bacterial species were obtained from hospital and restaurant, while 11 bacterial species were obtained from houses. Fifteen different multiple resistance pattern were seen, ranging from 5-14 drugs. Multiple resistance was high for Shigella spp. where 23 (25%) isolates were resistant to14 drugs, 57 (19.6%) isolates of E.coli were resistant to 13 antibiotics. All Salmonella isolates showed four patterns of multiple resistance. Majority of them were resistant to at least 5 drugs, but Salmonella E serogroup was resistant to 13 drugs. Multiple resistance pattern of 10-11 drugs was common among most (55.3%) of other bacterial isolates.
Streptococcus pyogenes and

Discussion
Cockroaches are common in many human habitations, particularly in places where food is stored, processed or preserved. Apart from that they are also frequently detected in hospital environment. 19 Indeed cockroaches are found everywhere, and possess nocturnal and omnivorous characteristics, which make them ideal carrier for microorganisms. Cockroaches are the main source of bacterial pathogens and they are also associated with multiple drug resistant strains. Therefore they have a great impact on spread of diseases and dispersal of multi drug resistant bacterial strains. 20 All cockroaches collected in this study were identified as Blattellagermanica. This species was frequently found in all areas of hospital, restaurants and houses included in the present study. This finding is supported by other studies. 19, 31, 32 Blattellagermanica are the most abundant and closely associated with humans worldwide. They are the most common and predominant cosmopolitan pest in the world due to change in human travel, commerce and urban environment. 21 Furthermore preference of Blattellagermanica to inhabit in tropical and subtropical weather, might make Dhaka city suitable habitat for this cockroach species. In contrary to the findings of the study, other studies reported Periplanetaamericana as the common cockroach species. This might be due to difference in method of capturing cockroaches or due to environmental variation.
In this study, a variety of microbial flora including bacteria, parasites and fungi were isolated. Such observation has also been reported by other researchers .22,23,31 A wide range of bacterial species, including Escherichia coli, Klebsiella spp, Salmonella spp, Pseudomonas aeruginosa, Shigella spp, Staphylococcus aureus, Proteus spp,and other bacteria were isolated in this study. Most of these organisms have also been isolated from cockroaches in different countries worldwide. 14, 23, 24 This suggests that the type of bacterial flora carried by cockroaches may be independent of geographical location or socioeconomic factors.The predominant bacteria isolated were E.coli (15.3%) followed by Pseudomonas aeruginosa (14.4%). This finding is analogous with a report from Iran. 25 However, in contrary Hamid et al reported Klebsiella spp. as predominant organism in his study. 26 The isolation of such wide variety of bacteria from cockroaches indicate that house hold pests could be a health challenge to human. This finding also shows the potential role of these insects in distributing and spreading pathogens in human communities. Some of the isolated bacteria are known to be pathogenic while others are opprtunistic pathogens or conaminants which play role in food spoilage. The isolation of E.coli from cockroaches point out that, these insects have been in contact with human feces or feces contaminated material. This shows the risk of transmission of other bacteria present in feces to human. In addition isolation of Salmonella from these insects especially in those from restaurants is of concern. It may be source of infection for a group of people related to these institutions and lead to an outbreak of enteric fever. The bacterial species most frequently isolated were gram negative bacilli, explicitly in the family entrobacteriaceae. It is known that, cockroaches are considered as an ecological niche of some members of this family. 1 This isolates are the main causes of a diverse type of community acquired and nosocomial infections, notably urinary tract infections, wound infections, respiratory tract infections, gastroenteritis, septicemia, pneumonia, biliary and peritoneal infections. 33 The isolation of higher rate (57.7%) of bacterial isolates from the external surface compared to gut (42.3%) of cockroach is consistent with other studies. 28, 29 Tachbele et al and Ejimadu et al reported higher isolation of bacteria from gut of cockroach rather than from external surface. 19, 34 The relative high external surface carriage rate may be related to filthy habit of cockroach, they crawl and move on different sanitary waste, gurbage and carry different microorganisms on their surface.
In the present study, number of bacterial isolates from cockroaches collected in hospital were significantly higher than those from domestic cockroaches. Observation of this study goes in agreement with other studies. 5, 19, 30 Hospital environment may be more conductive to acquiring bacteria from many different contaminated sources such as water, food, garbage, hospital waste. This may account for high isolation rate of bacteria in hospital.
Antibiotic resistance pattern of isolates was also explored in this study. It was surprising that high resistance rate (41-81%) were observed against different antibiotics used. This is consistent with other studies. 19, 33 Among antibiotic tested, all isolates were resistant to amoxycillin and amoxyclave, while more than half of isolates were resistant to doxycycline, nalidixic acid, ceftazidime, ciprofloxacin and ceftriaxone. However, imipenem and meropenem were relatively most effective antibiotic against the bacterial isolates. Almost similar resistant rate was also reported by Moges et al from Ethiopia, but in his study, isolates were mostly sensitive to ciprofloxacin. 33 Such high antibiotic resistance, even though antibiotics are not applied on cockroaches, is astonishing, but it is known that high resistance rate are reported among pathogens associated with foods. In fact, a close association between cockroaches and food could be the probable reason for isolation of resistant strains of bacteria from cockroach.
In addition, multiple drug resistance patterns have been demonstrated in isolated bacteria. About 55% of isolates were found to be multi drug resistant strain. These strains were resistant to 5-14 antibitiotics. Similar findings were reported by Tachbele et al. 19 In this study, samples included cockroaches from hospitals, where multi drug resistant strains are common and widespread. This may be the reason for high rate of MDR strains isolated in this study.
Since cockroaches are found to be potential source of pathogenic microorganisms and multi drug resistant bacterial strains, therefore appropriate preventive and control measures can reduce cockroach associated infection both in community and hospital settings.
Conclusion
The present study documented a high microbial load and multi drug resistant bacteria, specially for the commonly used antibiotics such as amoxicillin, amoxycave, doxacyline, and ciprofloxacin. The organisms carried and harboured by cockroaches are also important nosocomial agentsand may play a role in transmission and spread of nosocomial infections. Therefore, appropriate preventive and control measures through effective and integrated pest control system is urgently needed to reduce cockroach associated infections. Preventive measures such as increasing awareness about danger of pathogen transmission by cockroach, encouraging people to keep human dwelling clean, regular emptying and proper disposal of garbage, using insecticides into hiding places of domestic pests will reduce cockroach load and hence cockroach borne illness in the locality.
